In this study, morphological and anatomical features of Ornithogalum nutans and O. boucheanum, two relative and morphologically similar species growing in European Turkey, were investigated. These species showed some important anatomical differences with regard to leaf anatomy while they have identical features in stem. The stem anatomy of these two species displays the common properties of monocotyledons. The mesophyll is unifacial and contains monotypic chlorenchyma cells in the leaf of O. nutans. It has no lacunae. The mesophyll in O. boucheanum is equifacial and it has lacunae. This anatomical distinction may be useful for the identification of these similar-looking species.
Introduction
The genus Ornithogalum L. belonging to Hyacinthaceae family contains over 140 species widespread around the world. The genus is mostly spread in South Africa and around the Mediterranean (Uysal et al. 2005) . These plants are also distributed in the Balkan Peninsula (Zahariadi 1980) . According to the Flora of Greece and Balkans (Polunin 1987 ) there are about 26 often similar-looking species in the Balkans area, 6 of which are endemics. Ornithogalum is represented by 45 species in the flora of Turkey and 17 of these species are endemics (Cullen 1984; Davis et al. 1988; Özhatay 2000; Uysal et al. 2005; Varol 2008; Dalgıç et al. 2009 ). The genus is represented in European Turkey by 14 species (Cullen 1984; Davis 1988; Dalgıç 1990; Dalgıç et al. 2009 ). Ornithogalum is a taxonomically difficult genus, while its morphology is poorly correlated with the variation in chromosome number and karyotype (Dalgıç & Ozhatay 1997) .
Ornithogalum nutans L. and O. boucheanum (Kunth) Asch. belong to subgenus Myogalum (Link) Baker). There are two species of this subgenus in Europe; O. nutans and O. boucheanum (Zahariadi 1980) . According to many researches, specimens of O. boucheanum are difficult to separate from O. nutans on the basis of morphological characters, especially after blooming (Zahariadi 1980 , Bednorz & Czarna 2008 . Subgen. Myogalum is represented by 4 species in Turkey; O. nutans (Cullen 1984) , O. demirizianum Malyer & Koyuncu (Özhatay 2000) O. chetikianum Uysal, Ertugrul & Dural (Uysal et al. 2005) and O. boucheanum (Dalgıç et al. 2009 ). Only O. nutans and O. boucheanum can be found in European Turkey. O. boucheanum was recently added to Flora of Turkey (Dalgıç et al. 2009 ) while O nutans was previously known (Cullen 1984) . O. nutans has 2n = 14, 15, 35, 40, 41 chromosome numbers (Davis et al. 1988; Dalgıç 1990) . The chromosome numbers of O. boucheanum are 2n = 28, 56 (Markova & Goranova 1996; Dalgıç & Ozhatay 1997; Dalgıç et al. 2009 ).
Studies on the morphology of this genus are limited. Dalgıç (1990) has examined the chorology, morphology and karyology of Ornithogalum spp. in European Turkey. Recently, their seed morphologies have been investigated by Bednorz & Czarna (2008) , and karyological and palinological properties of O. boucheanum were investigated by Dalgıç et al. (2009) . They showed the differences between O. nutans and O. boucheanum. There is no anatomical study on Ornithogalum species distributed in Turkey. This paper aims to investigate the morphological and anatomical properties of O. nutans and O. boucheanum distributed in European Turkey. We also tried to find the diag- nostic morphological and anatomical features for these species.
Material and methods
Sample plants were collected from natural habitats in European Turkey. Ornithogalum nutans; A1(E) Edirne: Kesan: Mecidiye Village, 40 • 38 N, 26 • 32 E, 0 m., 01.05.1988 G. and A. Dalgıç (EDTU 1970) . Ornithogalum boucheanum; A1(E) Edirne: Karakasim: Tayakadin Village, 41 • 31 N, 26 • 37 E, 29 m. 29.04.2004 G. Dalgıç and F. Dane (EDTU 9499!) .
Some plants were prepared as herbarium materials and voucher specimens deposited in the Herbarium of Trakya University, Edirne (EDTU). Others were fixed in 70% ethyl alcohol for anatomical studies. Taxonomic descriptions of the plants were made according to Cullen (1984) and Zahariadi (1980) . Herbarium specimens were used in determining the morphological properties. For anatomical studies, hand sections from fixed samples were taken with a razor blade and some sections were stained with Alcian blue (Sigma) for pectic substances and Sudan III (Merck) for lipid-derived. The stained and unstained sections were mounted in glycerine-gelatine to make permanent preparations (Jensen 1962) . Sections were examined using an Olympus BH2 microscope (Tokyo, Japan) with a digital camera. Images were taken with a ProgRes C12 Plus digital camera (Jenoptik, Germany) and selected images were processed in PhotoShop 7.0 (Adobe, San Jose, California). Measurements of the cuticle and the cell walls were performed using Image-Pro Plus, version 5.1 (Media Cybernetics, Silver Spring, MD). The averages and standard deviations of data were calculated.
Results

Morphological properties
Ornithogalum nutans L., Sp. P1 308 (1753) Syn: Myogalum nutans (L.) Link. Hundb. 1:164 (1829), Albucea nutans (L.) Rchb. Fl. Germ. 110 (1830), Myogalum thirkeanum C. Koch Linnaea 19:11(1847).
Plant is 15-45 cm long ( Fig. 1a ). Bulb is 20 × 25 mm ovoid, tunica is light brown ( Fig. 2a ). Scape is 10-35 cm in length, erect, cylindrical and light green. Leaves are 2-3, linear 15-35 × 0.2-0.4 cm, parallel-sided, almost long as, or longer than the scape, with a white line on upper surface, margin entire, glabrous. Raceme is cylindrical with 7-12 flowers. Bract is 20-25 mm lanseolate-acuminate, light brown and membrane-like structured. Pedicel is 4-7 mm, 9-12 mm in fruit. Tepals are 18-23 × 6 mm, lanseolate, inner side is white toothed, and outer side has a wide green band and an acute ending ( Fig. 3a ). Outer stamens are 7-8 mm and inner stamens are 10-11 mm. Filaments are broadened, membranous and wide winged. Anther is 4-5 mm white of light yellow (Figs 4a, 5a). Stigma is capitate. Ovary is 4-6 mm, light green, ovoid to subglobose, style is 4-6 mm ( Fig. 6a ). Fruit is 10 × 8 mm and ovoid ( Fig. 7a ). Seed is 1.5-2 mm, ovoid-orbicular, black and wrinkled ( Fig. 8a . 1b ). Bulb is 30 × 40 mm ovoid, tunica is light brown (Fig. 2b) . Scape is erect, cylindrical, light green, 30-60 cm. Leaves are 4-6 and bright green, 38-50 × 1-2 cm linear, canaliculated, as long as the scape or shorter. The outer face of the leaves has white lines, edges are parallel and naked. Raceme is cylindrical with 20-30 flowers. Bract is 22-25 mm, lanseolate-acuminate, light brown and membrane-like structured. Pedicel is 5-10 mm, 10-13 mm in fruit. Tepals are 25-30 × 8 mm, inner side is white toothed, and outer side has a wide green band and acute ended (Fig. 3b ). Outer stamens are 10-11 mm and inner stamens are 13-14 mm. Filaments are membrane-like structured, wide and winged. Anther is 4-5 mm, white, light yellow (Figs 4b, 5b ). Stigma is spatulate. Ovary is 5-7 mm light green, narrowly ovoid, style is 6-8 mm (Fig. 6b ). Fruit is 18 × 12 mm and ovoid ( Fig. 7b ). Seeds are 2-2.5 mm, broadly ovoidorbicular, black and wrinkled (Fig 8b) . Table 1 shows the diagnostic characters of O. boucheanum and O. nutans.
Anatomical properties O. nutans
Scape O. nutans displays common features of monocotyledons in scape ( Fig. 9a ). It contains epidermis with cuticle, cortex, stele with vascular bundles and parenchymatic pith. There is a thin cuticular layer (1.65 ± 0.16 µm) ( Fig. 9b ) (stained with Sudan III). Epidermis is single layered, oval or squarish-shaped in the cross-section. Outer periclinal walls of epidermal cells are thick (8.63 ± 0.73 µm) while their inner periclinal walls and anticlinal walls are thin (3.60 ± 0.31 µm and 1.57 ± 0.26 µm respectively) ( Fig. 9b) .
Cortex is 4-5 layered. It comprises of spherical parenchymatous cells. These parenchyma cells contain few chloroplasts. Some crystal idioblasts that contain CaO x raphide crystals are located under epidermis in cortex. The raphide crystals are imbedded into mucilage sac ( Fig. 9c ) (stained with Alcian blue). The sclerenchyma tissue which 3-4 layers is present on the inner side of the cortex (Fig. 9d ). Scape contains about 35-39 vascular bundles in vascular cylinder. Vascular bundles comprising of xylem and phloem are of collateral type and they begin with sclerenchyma tissue. In outer circles, the bundles are smaller than the inner bundles. In xylem, thickness with spirals and annular rings is observed. Phloem tissue contains sieve and companion cells (Fig. 9e) . The pith consists of parenchymatous cells. Epidermis of scape has few anomocytic type stomata. The stomata cells are located at the same level as the other epidermal cells. Epidermis doesn't contain trichomes. Scape diameter is 3.5 ± 0.39 mm. Leaf There is a single layered epidermis on both adaxial and abaxial surface of the leaf (Fig. 10 ). Both epidermises are covered with a thin cuticle. Epidermal cells are orbicular or slightly axially elongated in the cross section. The leaf is amphistomatic. Stoma cells are equally present on the surfaces of both sides. They are located at the same level as the other epidermal cells. Stoma type is anomocytic. The mesophyll (thickness about 700 µm) is not differentiated as palisade and spongy parenchyma (unifacial) and comprises of 10-12 layers of round shaped chlorenchyma cells. Some of the mesophyll cells contain CaO x raphide crystals. Lacunae are absent in the mesophyll. Vascular bundles are arranged in two rows and larger bundles in mid-region alternate with smaller ones in abaxial row. The xylem faces towards the upper surface while the phloem faces the lower epidermis. Sclerenchyma fibers are absent in vascular tissue. None of the epidermis contains trichomes.
O. boucheanum
Scape O. boucheanum displays similar features with O. nutans in scape anatomy. The scape of O. boucheanum has epidermis with cuticle, cortex, stele with vascular bundle and parenchymatic pith (Fig. 11a) . The cuticle is thin (1.85 ± 0.28 µm in thickness). Epidermis is composed of single layered, oval or squarish shaped in the cross-sections. Upper tangential walls of epidermal cells are thicker (9.14 ± 0.63 µm) than their lower tangential walls and radial walls (3.12 ± 0.50 µm and 1.79 ± 0.23 µm respectively) ( Fig. 11b ). Epidermis has anomocytic type stomata that are at the same level as the other epidermal cells.
Cortex is 3-4 layered comprising of spherical parenchymatous cells. There are crystal idioblasts containing CaO x raphides in cortex (Fig. 11c, arrows) . The raphide bundle is imbedded into musilaginous substance. The sclerenchyma tissue is 3-4 layered and it is located under the cortex (Fig. 11d ). Vascular bundles comprise of phloem and xylem and they are of collateral types. Phloem lies on the outer side of bundles and xylem on the inner side. In xylem, thickness with spirals and annular rings is observed. Phloem tissue contains sieve and companion cells (Fig. 11e ). Scape has 37-43 vascular bundles in the vascular cylinder. The pith is formed by parenchymatous cells. Scape is 5.5 ± 0.45 mm in diameter and it doesn't contain trichomes. Leaf There is a single layered epidermis on both the adaxial and abaxial surface of the leaf (Fig. 12 ). Both epidermises are covered with a thin cuticle. Epidermal cells are slightly axially elongated in the cross section. The stomata occur equally on the surface of both epidermises and they are located at the same level as other epidermal cells. The leaf is amphistomatic. Stoma type is anomocytic. Mesophyll (thickness about 1000 µm) is equifacial and differentiated as palisade and spongy parenchyma. An uniseriate layer of palisade parenchyma is present on both the adaxial and abaxial side. Spongy cells are oval shaped and often broken down in the middle of the leaf. There are very large lacunae between vascular bundles. Vascular bundles are surrounded by 1-2 layered parenchyma cells. They are arranged in two rows and larger bundles alternate with smaller ones in the abaxial row. Sclerenchyma fibers are absent in vascular tissue. Epidermises contain no trichomes.
Discussion
In this study, O. nutans and O. boucheanum were investigated and compared morphologically and anatomically. It is difficult to separate O. boucheanum from O. nutans on the basis of morphological features (Zahariadi 1980) . But there are some differences and these are seen in Table 1 and Figs 2, 3. Their morphological (Cullen 1984; Dalgıç 1990) , karyological (Dalgıç &Özhatay 1997) and palinological characters (Dalgıç et al. 2009 ) have been studied. Dalgıç et al. (2009) have found the chromosome number of O. boucheanum to be 2n = 56. Its karyotype was determined as comprising 8 groups of chromosomes. These groups contain: 1 big centromere median (1st chromosome group); 2 big centromere submedian (2nd-3rd chromosome group), in the 3rd group there are satellites at the end of the shorter arm of the 1st and 2nd chromosome; 3 medium centromere submedian (4th-5th-6th chromosome group); 2 small centromere median (7th-8th chromosome group) chromosomes (Dalgıç et al. 2009 Recently, their seed morphologies have been investigated by Bednorz & Czarna (2008) . Authors reported that seed morphologies of O. nutans and O. boucheanum do not differ in size and shape. They observed slight differences only in the formation of anticlinal walls and micro-pattern of outer periclinal walls of testa cells. In the present study, we reported that the seeds of O. boucheanum and O. nutans were different in size and shape. These differences are presented in Table 1 
and Figs 8a,b.
There is no anatomical study on Ornithogalum species distributed in Turkey and their anatomical features are recorded for the first time in this study. We aimed to find anatomical features in addition to morphological characters to distinguish these species. Besides, we tried to find additional taxonomic characters examining the scape and leaf of these two closely related species represented by the subgenus Myogalum. Unfortunately, the scape of O. boucheanum and O. nutans did not differ anatomically. We observed that slight differences were only found in scape diameter and vascular bundles number.
Anatomical features of scapes of the two species are identical. Scape has a single layered epidermis with a thin cuticle. Cortex contains 3-5 layered parenchymatous cells followed by 3-4 layered sclerenchyma tissue. Collateral vascular bundles are scattered in the parenchymatic pith.
Although both species are similar in regards to the scape anatomy, their leaf anatomy is different. Mesophyll in O. nutans is unifacial while it is equifacial in O. boucheanum. Mesophyll of O. nutans consists of monotypic chlorenchyma cells and is thinner (700 µm). Mesophyll in O. boucheanum differentiates as palisade and spongy parenchyma and is thicker (1000 µm). Monolayer palisade parenchyma is present on both the adaxial and abaxial side. Also, mesophyll in O. boucheanum contains large lacunae between vascular bundles in spongy parenchyma.
In most species of subfamily Ornithogaloideae, vascular bundles are in two rows and large bundles alternate with small bundles (Lynch et al. (2006) . Similarly, vascular bundles are formed in two rows in O. nutans and O. boucheanum and large bundles are ranged alternately with small bundles. Lynch et al. (2006) reports that Hyacinthaceae has a wide range of variation in the crystal types. There are raphide, styloid and druse crystals in this family (Lynch et al. 2006) . O. nutans and O. boucheanum contain only raphides within mucilage sacs in parenchyma cells of the scape and leaf. The presence, morphology and distribution of crystals within a species are very important, because it is under genetic control (Franceschi & Nakata 2005) . Thus the constancy of crystal type and distribution can be viewed as a taxonomic character for classification of species.
In this study, we aimed to identify morphological and anatomical diagnostic characters of O. nutans and O. boucheanum which are especially undistinguishable after flowering time. We observed morphological variations in vegetative and generative organ sizes and some anatomical differences such as the structure and thickness of the leaf mesophyll tissues.
